A series of substituted anilides were synthesized and tested in vitro for antibacterial activity against Gram positive B. subtilis, S. aureus and Gram negative E.coli and as well as for antifungal activity against C. albicans and A. niger. The compounds having a nitro group showed better activity among different substituted anilides. QSAR investigation with linear regression analysis was applied to find correlation between various physicochemical parameters and antimicrobial activity. The QSAR results showed that antibacterial as well as antifungal activity could be modeled using molecular connectivity indices ( 
Introduction
The usage of most antimicrobial agents is limited, not only by the rapidly developing drug resistance, but also by unsatisfactory status of present treatment of bacterial and fungal infections and drug side effects [1] [2] [3] . Therefore the development of new and different antimicrobial drugs is an important objective and much of research program efforts are directed towards the design of new agents. Recently substituted anilides have received considerable attention due to their wide range of biological activities viz. antibacterial, antifungal, anticonvulsant, anaesthetic, antiproliferative, antiplaque, antiplatelet-aggregation, antioxidant and potassium channel activating potentials [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
QSAR analysis applies statistical methods to describe the relationship between chemical structure and biological activities of a series of analogs quantitatively 14 . In view of the above and in continuation to our work on QSAR studies in describing the biological activity [15] [16] [17] [18] [19] [20] [21] [22] , in the present study we report the synthesis and QSAR studies of substituted anilides.
Results and Discussion
A series of new substituted anilides were synthesized by reaction of substituted anilines with different acid chlorides in moderate to good yield (Scheme 1). The intermediate acid chlorides were prepared by treatment of different organic acids with thionyl chloride. The IR and 1 H NMR spectral data of the synthesized compounds were found in agreement with the assigned molecular structures. The physicochemical parameters of synthesized anilide derivatives used in present study are given in Table 1 . 25 . The antimicrobial results also indicated that there is a significant increase in pMIC values in case of stearic acid derivatives as compared to other acid derivatives. It is also important to note that the range of pMIC value is increasing in each case as the chain length of acid derivatives increases. The positive contribution of chain length may be due to its more lipophilicity.
In general, the antimicrobial activity of tested compounds follows the pattern: B. subtilis > A niger > S. aureus > E. coli In an attempt to determine the role of structural features which appears to influence the observed activity of reported compounds, QSAR studies were undertaken using linear free energy relationship (LFER) model of Hansch and Fujita. 26 Biological activity data determined as MIC values were first transformed to pMIC on molar basis, which was used as dependent variable in QSAR study. These were correlated with different molecular descriptors like log of octanol-water partition coefficient (logP), molar refractivity (MR), Kier's molecular connectivity ( 0 χ v ) and shape (κ 1 ,κα  ) topological indices, Randic topological index (R), Balban topological index (J), Wiener topological index (W), Total energy (Te), energies of highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO), dipole moment (µ), electronic energy (Ele.E) and nuclear energy (Nu.E) [26] [27] [28] [29] [30] [31] [32] [33] . The values of selected descriptors used in regression analysis are presented in Table 3 . In present studies a set of substituted anilides consisting of 44 molecules were used for linear regression model generation. The reference drugs were not included in model generation as they belong to different structural series. Preliminary analysis was carried out in terms of correlation analysis. A correlation matrix constructed for antibacterial activity against B. subtilis is presented in Table 4 . The highest interrelationship was observed between  χ and 0 χ (r = 0.998), and in all the other cases r is greater than 0.8. The data presented in Table 5 demonstrates the correlation of molecular descriptors of different substituted anilides with their corresponding antimicrobial activity. Generally good correlations were observed with the topological descriptors especially with molecular connectivity indices ( The linear regression equations developed using the highly correlated topological indices are reported in equations 1-4 together with statistical parameters of regression. It is important to note that all these models were developed by using the entire set (n = 44), since no outliers were identified.
The quality of the models is indicated by the following parameters: r-correlation coefficient; F-Fisher's statistics; and s-standard error of estimation, r In order to confirm our results we have predicted the activities of different substituted anilides using the model expressed by Eqs. 1-4 and compared them with the observed values. The data presented in Table 6 shows that the observed and the estimated activities are very close to each other evidenced by low values of residual activity [difference between experimentally observed pMIC and QSAR calculated pMIC].
The cross-validation of the models was also done by leave one out (LOO) technique. 34 The cross-validated correlation coefficient (r 2 cv >0.5) values obtained for the best QSAR models indicated their reliability in predicting the antimicrobial activity of different substituted anilides. In case of B.subtilis the r 2 cv value is less than 0.5 which appears that the developed model is an invalid one. But one should not forget the recommendations of Golbraikh et al. 35 who have recently reported that the only way to estimate the true predictive power of a model is to test their ability to predict accurately the biological activities of compounds. The low residual activity values observed in case of B. subtilis (Table 6 ) justify the selection of the linear regression model expressed by Eq 4. Further the plot of linear regression predicted pMICan values against the observed pMICan values also favors the model expressed by Eq. 1 (Fig. 1) . In case of C. albicans the MLR attempt to derive QSAR models failed to give statistically significant QSAR equation. 
Antimicrobial evaluation
The synthesized compounds were evaluated for their in vitro antimicrobial activity against Gram positive S. aureus, B. subtilis, Gram negative E. coli and also against fungi C. albicans and A. niger. The MIC (µg/ml) was determined by serial dilution technique 24 using double strength nutrient broth IP and Sabouraud dextrose broth IP as media for bacterial and fungal growth respectively. Ciprofloxacin and Fluconazole were used as reference compounds in case of antibacterial and antifungal activity respectively. The compounds were dissolved in dimethyl sulfoxide to give a concentration of 100 µg/mL, which was serially diluted to give concentrations of 50.0, 25.0, 12.5, 6.25, 3.125 µg/mL in culture tubes containing 1 ml of nutrient medium. To all the tubes including standards and controls, 0.1 mL of fresh inoculum was added and the tubes were incubated at 37 ± 1°C for 24 h (bacteria) and 25°C for 7 d (A. niger). The MIC was recorded in each case as the minimum concentration of compound, which inhibited the growth of tested microorganism. From the MIC observed, the intermediate concentrations between MIC values were prepared by suitable dilution of stock solution and the accurate MIC values were determined.
QSAR Analysis
The calculations of molecular descriptors of anilides as well as regression analysis were carried by using molecular package TSAR 3D version 3.3. 36 The description of these descriptors are available in the literature [26] [27] [28] [29] [30] [31] [32] [33] and therefore they are not described again here.
Cross validation
The predictive powers of the equations were validated by leave one out (LOO) cross validation method, 37 where a model is built with N-1 compounds and N th compound is predicted. Each compound is left out of the model derivation and predicted in turn. An indication of the performance is obtained from cross-validated (or predictive q 2 ) method which is defined as 
